The interplay of light and magnetism allowed light to be used as a probe of magnetic materials. Now the focus has shifted to use polarized light to alter or manipulate magnetism. Here, we demonstrate optical control of ferromagnetic materials ranging from magnetic thin films to multilayers and even granular films being explored for ultra-high-density magnetic recording. Our finding shows that optical control of magnetic materials is a much more general phenomenon than previously assumed and may have a major impact on data memory and storage industries through the integration of optical control of ferromagnetic bits.
T he dynamic response of magnetic order to ultrafast external excitation is a fascinating issue of modern magnetism (1, 2) . Optical probing at the femtosecond time scale allows the investigation of ultrafast magnetization dynamics, including fundamental interactions between spins, electrons, and lattice degrees of freedom far from equilibrium (1, (3) (4) (5) . It further has the potential for new technologies such as heat-assisted magnetic recording (HAMR) (6, 7) . An important outcome from studies of ultrafast dynamics of magnetic systems is the demonstration that circularly polarized light can directly switch magnetic domains in ferrimagnetic GdFeCo alloy films without an applied magnetic field (8) . This deterministic magnetization switching using circularly polarized laser pulses is referred to as all-optical helicity-dependent switching (AO-HDS).
Until now, ferrimagnets have been the only materials to show AO-HDS. Whereas initial studies focused on rare-earth transition-metal (RE-TM) GdFeCo alloys, there have been recent examples of AO-HDS in other RE-TM materials (9, 10) , as well as synthetic ferrimagnets (11) . In all cases, AO-HDS was observed for ferrimagnetic systems with two distinct sublattices that are antiferromagnetically exchange-coupled. Models for AO-HDS were based on the existence of an effective field created by the circular polarized light via the inverse Faraday effect (12, 13) or by the transfer of angular momentum from the light to the magnetic system (14) . More recent models have been focused on the formation of a transient ferromagnetic state (15) due to different demagnetization times for RE and TM sublattices where the light's helicity plays a secondary role (16) (17) (18) . There is also emerging evidence that laser-induced superdiffusive spin currents can flow in heterogeneous systems (18) (19) (20) (21) (22) , potentially contributing to the AO-HDS process (18) . An open question is whether AO-HDS is specific to a subset of ferrimagnetic materials or can be applied to ferromagnetic materials. Furthermore, can optical pulses also control technologically important high-anisotropy granular or patterned materials that are anticipated for future high-density magnetic recording (23) ?
The optical response of ferromagnetic samples are studied by a combination of optical-and heatassisted magnetic switching experiments where the samples are excited by a~100-femtosecond pulsed laser source and subsequently imaged in a Faraday microscope ( fig. S1 ). Fig. 1 , A to C, the laser is scanned across a region of the films that has both magnetization directions, allowing the effect of the initial state of the magnetization on the magneto-optical response to be studied.
For N = 8 repeats (Fig. 1A) , domain formation is observed in the region scanned by the laser that is filled with disordered stripe subdomains that minimize the dipole energy (24) . This process is independent of the light polarization and represents laser-induced thermal demagnetization (TD). A rim is observed at the edge of the scanned area where the magnetic orientation is opposite the background stabilized by dipolar fields from the surrounding film. For N = 5 repeats (Fig. 1B) , the formation of subdomains in the scanned region is again observed. The average domain size is larger for decreasing number of layers, since in the thin-film limit the equilibrium domain size increases with decreasing film thickness (24) . More important, the resulting domain structure depends on the light polarization. For s + light, white isolated bubble-like domains are observed in a dark background, whereas for s -light, dark domains are seen in a white background and the magnetization near the edges of the line scan favors the direction opposite the surrounding film.
In contrast, for N = 3 repeats (Fig. 1C) , fully deterministic magnetization reversal is observed for both circular polarizations that is independent of the initial magnetization direction, a clear demonstration of AO-HDS in a ferromagnetic material. The random domains created for linear polarization are much larger for N = 3 repeats, in accord with the small dipolar energy gain for ultrathin films. Figure 1D shows images for the N = 3 repeats sample for various laser powers where the film is saturated in one direction and the laser spot is fixed and not scanned on the surface. For low power (362 nW), a reversed domain is written for s + , there is no change to the film for s -, and a region of random domains is observed for linear polarization. With increasing laser power, regions of demagnetized random domains develop in the center of the laser spot for all three polarizations, indicating that the power is such that the temperature exceeds a critical temperature for which domains are formed (e.g., the Curie temperature T C ). For s + , there is a rim at the edge of the demagnetized area that shows deterministic switching that is not present for s -or linearly polarized light.
We explored the effective driving energy for AO-HDS and domain formation (TD) by adding external magnetic fields to the experiments shown in Fig. 1 , A to C (figs. S2 to S4). Although linear polarization leads to domain formation in zero applied field, the application of a magnetic field can stabilize a uniform magnetization state. This field increases from 3 to 4 Oe for N = 3 repeats, tõ 12 Oe for N = 5 repeats and~40 Oe for N = 8 repeats, demonstrating the increased dipolar energy with thickness. When the applied field is combined with circular polarization, the applied field can either support or oppose the circular polarization. For N = 3 repeats, a field of 7 Oe opposes the circular polarized light and yields a demagnetized film, whereas a field of~12 Oe will saturate the film in the opposite direction as that expected for the helicity of the light ( fig. S4 ). For N = 5 repeats, the field needed to yield a demagnetized film is~12 Oe, whereas a field of~25 Oe is needed to saturate the film opposite to the light helicity ( fig. S3 ). However, when comparing the effects of circular polarization of the light to the applied magnetic field, one has to remember that the magnetic field is applied during the entire thermal process, whereas the role of the helicity of the pulse is believed to persist only for a few picoseconds after the laser excitation (25) .
To determine how general AO-HDS is, we studied a range of ferromagnetic film materials, including [Co(t Co )/Pt(t Pt Fig. 2A) show AO-HDS for N = 2 or 3 repeats and t Co ≤ 0.6 nm (i.e., the thinnest samples) and TD for thicker samples (consistent with Fig. 1 ). The threshold laser power increases linearly with both N and t Co , and these trends are independent of AO-HDS or TD final states. For [Co(0.4 nm)/Pt(t Pt )] 2 samples (Fig. 2B) , the threshold power decreases slightly with increasing Pt thickness. For N = 1 trilayer structures-i.e., Pt/Co(t Co )/Pt (Fig. 2C) -we observed AO-HDS for 0.6 nm ≤ t Co ≤ 1.5 nm. The upper limit is set by the thickness at which the sample maintains perpendicular magnetic anisotropy and the lower limit by the sensitivity of the optical detection. The threshold power increases linearly with t Co , and the values for single Co layers are consistent with the extrapolation of the data in Fig. 2A to N (Fig. 2D) , the threshold power increases with N as seen in Fig. 2A and decreases These results show that AO-HDS is a rather general phenomenon for ferromagnetic films but is limited according to the thin-film limit, which is useful in a number of spintronic applications (e.g., magnetic random access memory). Applications such as high-density magnetic recording require small magnetic grains or patterned bits with high magnetic anisotropy (K U ) to remain thermally stable at the nanoscale (26) . The current challenge is that the applied magnetic fields required to write high-anisotropy grains is above what can be achieved by electromagnetic write heads. HAMR is the leading technology to address the challenge when a laser spot heats the magnetic material close to T C , allowing the magnetization to be written with a modest applied magnetic field (6, 7). We studied the role of AO-HDS in combination with applied magnetic fields on high-anisotropy FePt-based HAMR media (27) . The media are FePtAgC and FePtC granular films that form high-anisotropy FePt grains separated by C grain boundaries. The average grain size is~9.7 and~7.7 nm for the FePtAgC and FePtC, respectively ( fig. S5 ). The room-temperature magnetic anisotropy and coercive fields are 7 T and 3.5 T, respectively ( fig. S6 ). Figure 3 are optical results on the FePtAgC granular film, which is initially in a random magnetic state with equal up-or downoriented magnetic grains. Because the grain size is well below the resolution of the Faraday microscope, the randomly magnetized sample appears gray. Figure 3A shows that there is a net magnetization achieved that depends on the helicity of the circularly polarized light, whereas no change is observed with linear polarization. This clearly demonstrates that the film magnetization is controlled by the polarization of the light. Figure 3B shows images recorded without scanning the laser beam as in Fig. 1D . With increasing power above the threshold power (~420 nW,) there is a region of reversed grains. Above~600 nW, a ring forms where AO-HDS occurs at a particular radius, consistent with a relatively narrow range of powers to achieve AO-HDS. The center of the ring, where the laser intensity is the highest, is demagnetized (TD-behavior), presumably exceeding T C .
While AO-HDS is observed, the degree of magnetization is less than 100%. By comparing the contrast to the saturated film, the estimate of the induced magnetization is~10 to 20% of saturation. The lack of saturation can arise from at least two effects. The first is that AO-HDS is only affecting a subset of the grains. The second, and more likely, is that the magnetic grains are highly thermally activated. Near T C , there is a strong drop in K U , the magnetic energy stored in the grain K U V (where V is the volume of the grain) becomes comparable to thermal energy k B T, and the particles are superparamagnetic. During the sample cooling after the optical pulse, the grain assembly can partially demagnetize due to thermal switching of individual grains [see discussion in (28) ]. This effect is further driven by the dipolar fields from the neighboring grains that support a demagnetized ground state.
To quantify the role of thermal activation on AO-HDS, an external magnetic field was applied while the sample was illuminated by the polarized light. Figure 4 shows the results of line scans with both circular polarizations for different external magnetic field. An applied field of~700 Oe is sufficient to suppress the effects of the helicity of the light where no contrast is observed for s -. For s + , the contrast increases with increasing field. Similarly, we can excite the films with linear polarized light, and an applied field of~600 Oe yields a similar optical contrast as the AO-HDS results ( fig. S7 ). The fact that these modest fields (relative to the room-temperature coercive field) are sufficient to magnetize the sample and/or counter the polarization of the light indicates that the sample is heated by the laser near T C . Moreover, the grains are highly thermally activated during the optical excitation, because an external field up to 1100 Oe is not sufficient to fully saturate the film.
Our results show that AO-HDS is not exclusive to ferrimagnetic materials, and therefore antiferromagnetic exchange coupling between two magnetic sublattices is not required. Given that we observe AO-HDS switching on single Co films as well as Co/Pt and Co/Ni multilayers, it is unlikely that super-diffusive currents that couple different magnetic regions in a heterogeneous sample are required. The results do suggest that heating near the Curie point is important for the AO-HDS in ferromagnetic materials, because the threshold intensities for both AO-HDS and TD (Fig. 2) generally track with the expected trends for T C and do not scale with parameters such as interlayer exchange or anisotropy. Near T C , the inverse Faraday effect or transfer of angular momentum from the light to the magnetic system is expected to be most effective. Recent modeling within the Landau-Lifshitz-Bloch formalism finds that achieving a nearly quenched magnetization is crucial for linear reversal under an ultrashort optomagnetic field pulse arising from the inverse Faraday effect (29) . Well below T C , the magnetization reversal is precessional and governed by the Landau-Lifshitz-Gilbert equation. In the current geometry, the optomagnetic field is parallel to the magnetization, the least efficient for precessional switching (30) . Similarly, when approaching T C , the transfer of the relatively modest angular moment in the light can lead to a symmetry breaking such that magnetization is deterministically switched.
The final ingredient for AO-HDS is that the magnetization state, once switched near T C , be maintained while the sample cools. If demagnetization and thermal energies are too large, then SCIENCE sciencemag.org the sample will demagnetize during cooling. For perpendicular magnetized films, there are strong dipolar fields within the film that support domain formation. The dipolar energy gain for domain formation is strongly suppressed in the ultrathin film limit and explains the observation of AO-HDS only in the thin-film limit (Figs. 1 and 2). Domain formation is also suppressed for low magnetization materials, consistent with AO-HDS measurements of ferrimagnetic materials (11) . The present results on ferromagnetic materials demonstrate a new and technologically important class of materials showing AO-HDS and opens new directions in integrated magneticoptical memory, data storage, and processing applications. This study further offers progress toward a better understanding of the interaction between pulsed polarized light and magnetic materials. The science of morality has drawn heavily on well-controlled but artificial laboratory settings. To study everyday morality, we repeatedly assessed moral or immoral acts and experiences in a large (N = 1252) sample using ecological momentary assessment. Moral experiences were surprisingly frequent and manifold. Liberals and conservatives emphasized somewhat different moral dimensions. Religious and nonreligious participants did not differ in the likelihood or quality of committed moral and immoral acts. Being the target of moral or immoral deeds had the strongest impact on happiness, whereas committing moral or immoral deeds had the strongest impact on sense of purpose. Analyses of daily dynamics revealed evidence for both moral contagion and moral licensing. In sum, morality science may benefit from a closer look at the antecedents, dynamics, and consequences of everyday moral experience.
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Morality in everyday life
H ow people distinguish between actions that are "right" and "wrong" affects many important aspects of life. Morality scienceinformed by philosophy, biology, anthropology, and psychology-seeks to understand how the moral sense develops (1, 2), how moral judgments are made (3, 4) , how moral experiences differ among individuals, groups, and cultures (5) (6) (7) (8) , and what the psychological implications of the morally "good" or "bad" life are (9) .
Insights from contemporary morality research have mostly been gained through the analysis of moral vignettes, questionnaire data, and thought experiments such as trolley problems (10) . As important as these approaches are, they are all limited to some extent by the artificial nature of the stimuli used and the non-natural settings in which they are embedded. Despite considerable scientific and practical interest in issues of morality, virtually no research has taken morality science out of these artificial settings and directly asked people about whether and how they think about morality and immorality in the course of their everyday lived experience. Here we present an attempt to capture moral events, experiences, and dynamics as they unfold in people's natural environments.
Using ecological momentary assessment (11), we addressed a number of fundamental key issues in scientific and public debates about morality: 
